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‘1’hc Airbcme  Vkjb]e/Infrared  Imaging Spcctromc.ter (AVIRIS) is a]] imaging  spectrometer that measures
spatial images of the total up welling spectra] radiance froln 400 to 2500” nm at 10 nm spectral interv; ds,
Quantitative research and application ot]jcctivcs  for surface invm(igations  require conversion of the
IIlcasurcd radiance to surface reflectance or surface leaving radianm. ‘1’0 calculate apparent surfiice
mflcctance an estimation of aerosol oljtical  depth is required for compcnsaticm of aerosol scattering and
absorption across the spectral range. I)ctc.rmination of other atlnosphcric  characteristics such as
atmosphcxic  water vapor aJld surface pT-eSSUIe is also rtx]uircd. in this paper we describe a set of
algorithms [0 es[imatc  aerosol optical depth, atlllOSj)hC1’ic  water valmr, and surfzzcc  pressure height from
t hc AVI 1<1S mcasurec{  raciiance.  Based upon these cletcrmincd  :Itinos])hcric  parameters we describe an
algorithm  to calculate app:ircnt  Surface re. flcctanm from the. AVIR1.S nmlsurcd  riidiiinc.c.  (ising [i r:idiative
tr:insfer code.

1.() 1N’1’ROI>LJC’I’1ON

An AVIRIS d(itii set w:is :icquired  c)vcr ii portion of tllc. San l~r:incisco  pcninsill[i th:it  inclildcd  the Jas]mr
Ridge ccologic:il  preserve on the 2nd of June 1992. ‘1’his scene covers 10 by 11 km with 20 by 20 m
s]):iti:il  rcsoliltion :ind includes ii v:iric.ty  of vcgct:itcd  :ind unvcget:itcd  si]rface.  CWvcr tyl)cs.  I:igurc 1 shows
ii r:idiancc  spectrum for ii dry grass iirea in the ccologic:il  preserve. ‘1’hc shape of this spectrum restilts
from the sol:ir irr:icti:ince,  molccillar :ind :ierosol  scattering of the :itmosphcrc,  g:is absorption of [he
:itnmsphcre,  illumin:ition  geometry :ind the rcflcctancc of the, surf:icc. “1’his Jasper Ridge d:it:i  set was
sclc.ctcd  to ev;ililatc  a group of :ilgorithms to estimate the absorption :ind sc:ittering  ch:ir:ic[cristics  of [k
:itmosphere  clirec(ly  from AVIRIS d:it:i. ‘1’hesc  derived :i[mospheric  p:ir:imctcrs  :ire us,cd to constriiin  iin
invc.rsion :~lgorithm for calculation of app:irent  simfiice  reflectance from AVIRIS-nmisured  upwclling
spcctr:i] r:idi:incc.. The MOD’I”RAN2 (Bcrk et al., 1989) riidi:itivc  tr:insfer  code is used to model {he
:itmosphc.re,  in e.:ic.h  of these,  algorithms.

2.() AEROSOL OIYI’ICAI, D13Y1’{ I

IJn(kr  low visibility  conditions the r:idi:ince  scattercrj  from ;itlnosphcric :ierosoIs  m;iy comprise ii
signific:int  proportion of the total r;idi:ince rc:iching  the AVIRIS sensor. A plot showin~  the :ierosol
sc;it[ercd  r:i~jia~~ce  contribution
iitnmspkrc  visibility  is :ivcn  in

to the tot:il riidi:ince:  from ii ().2S rctlcct:ince  ;iirfiicc  with ‘ii S km rural
I;ig\ire  2.



A nonlinear least squ:ire spectral fitting  (Nl,I.SSI~) algorithm has been developed  to estili~ate  the aerosol
c)pti~il] depth directly from the AVIRIS measured radiance. ‘l’his algorithm optimi~.es the fit between  the
AVI 1{1S radiance and a MOD7’RAN2  modeled radiance with the aerosol optical depth as the primary fitting
parameter. Parameters modeling the reflectance magnitucle,  reflectance slope and the leaf chlorophyll
absorI]tion :~rc ~lSO incjucied  in the  fl[ting  algorithm,  lior this experiment at Jasper Ridge the MOIY1”RA N2
rural aerosol moclcl  was used. l:igure  3 shows the results of the, N1,1 ,SSF algorithm for a forest target in
the J:ispcr Ridge scene. The algorithm determined an aerc)so] optical cicpth of 0.42 at 500 nm for d~is
spectrum. Aerosol optical depths were calcu]atecl  for the entire Jasj)er Ridge AVIRIS data set. “I”hc
determined values ranged from 0.27 in the peninsula mountains tc) 0.S3 near the San Francisco bay.
Research p]anned  in the future will investigate the sensitivity of d~is ~ilgorithm  to the modeling of surface
spectral reflectance and assumption of aerosol nmdcl.

In orclcr to compensate for atmospheric absor~)tic)n  due to wC]] mixed atmc)spheric  gases and the effect of
atnl<~spheric  molecular scattering, an algorithtn  has been devclopeci  to estimate the su:-face pressure
elevation from the AVIRIS measured radiance. ‘1’his algorithm assesses the strength of the 760 nm oxygen
absorption band measured in the AVIR1.S  data. ‘1’he oxygen  b:ind  strength is calibrated to surface pressure.
elevation using the oxygen band model in the, MOIY1’RAN2  raciiative  transfer cmie. A precursor oxygen
ant] carbon dioxicic absori~[ion  banci aigori[hrn  for cstimfiting surp~cc ]wcssure elevation w[is dcscribtxi  an(i
applie[i to an AVIRIS data set acquired over Mountain Pass, (Xlifcmia  in 1990 (Clrecn et ai., 1991a), ‘1’hc
cur-rent aigoI ithln  uses {i N].1 ,SSI~ pmcedllrc between the A VIRIS mcasurc(i raciiance  an(i MOI)”I’RAN2
calcwlatcxi  ra(iiancc.  f>aramctcrs  constraining the pressure clcwation,  the reflectance magnitllcie  anti [he
rcfle.ctancx slope in the 760 nm spcc(rai  region ate ailoweci  10 vary in tile fil. ‘1”0 improve Ilic estimation of
pressure elevation the AVIJ{IS {iata  were avcragcci over 11 by 11 s]mtia] samples to increase the effective
~~re.eision  of the. ciata. l;igurc 4 shows I})C fit results for the (iry grass area of the Jasper Ricige AVIRIS
ciata.  A pressure elewition c)f 250 m was [ictmnincd  for this spectrum. In 1993 work is pianne(i  m
establish accuracy and ])rccision  unccr[ainty  cstilnatcs  for this approach tc) estimation or surface pressllre
dcvation.  When applied to the entire. Jaspct- Ricige AVlf<l S data set, pressure. elevations were, c~il~t]liit~(l
th:lt  I’ar)gcd froln () m tOWill”CIS  the sii Il I;rancism  IIay to 800” 1]] in the. mountains 011 the peninsula. ‘1’hCSC

estimates arc consistent with the. topography of the region.

4.() A“l’MOS1’I If {RIC WA”l’I iR VAI’OR

Over most of the AVIRIS spectrai  ran~e the st[c)ngcst  atmos])}mric  iibsorkr  is water vapor. l’hc effect on
the upwelling  radiance arriving at AVlf{IS is shown in l;ig,urc 5 as the atmosphere varies from a water free
to humi(i state. in addition to absorbing strongiy  in [he AVIRIS spc.etrai  range, the abunciance  of water
vapor in the tcrrestri:iI ittmosphcre  wmcs greatly both spatiaiiy  and temporally. An example showing
greater tl~al~ 20 pcrccnt  variation in tile spatial and tcmqmral  ciislribution of w:itcr vapor has been dcscribcxi
for a series of four AVIRIS data set acquirc(i at 12 minute  intervals over Roger Dry 1,akc, Califor[~ia
(~ree*~ et [~],, ]99] b),

‘1’o colnpcnsatc for water vapor absorption in AV1 RIS spectra, [i cietcrmination  of totai path water vajm) is
rcx]uircd  for each spatial eiemcnt. Water vapor algoritilms  for AVIRIS have been (ieve]opeci  (Conel et a]
1988, Green et al 1989, ancl Green, ct al. 1991a) bascci  initially on the I.OWTRAN (Kncizys  et ai., 1987)
ii])d  currently on the MOI)q’RAN2  (Mrk  C[ ai., 1989) raciia[iw transfer cc~de.  “1’he MOIY1’RAN2 water
vapor algorithm ilts the A VIRIS nmasurui ra(iiancc for the 940 nm water banci to a ra{iiance  specmm
gcncmtec{ by the raciiativc transfer co(ic.  A non linear Icast squares spwtral fi[ting procedure is usc(i with
paralne.tc.rs  l~llOWillg  the. Iitljlospllc.lic  water vapor  aIllOllIlt,  the reflectance magnitude, thC rdicctancc  Slope
an(i a sca]cci surface leaf liqui(i  watel  absor~)tion  spectrum to vary. l~igure 6 shows an atmospheric water
valmr transmission spectrum an(i piant leaf re.flcctancc spectrum. In the 940 spccml region, over



vc.gctatcc]  targets, the leaf wiitcr absorption must bc compensated for in the algorithm to avoid incorrect
estimation the atmospheric water vapor. Atmospheric aerosol scattering and absorption effects are.
compensated through constraint of the aerosol o])tical  cicptl]  for [hc MOD” I’RAN2  model atmosphere used.
l;igmc 7 shows the fit between the AVIRIS nlcnsurccl an{i the N].1 ,SSF spectrum for the 940  nm water
vapor ban(i  over the green grass target  in the Jmpcr  Ri(ige AVIRIS (iata. }~igme  8 shows the surfiice
]iquici  leaf water reflectance spectrum required to achicvc  this fit. When app]icci  to the entire AVIRIS
Jasper Ridge data set a range in atmospheric water vapor from 9 m 22 pcrciptable  millimeters of
atmospheric water vapor is mappcci. “l-his water vapor distribution ciata set is required to constrain the
aigo~ithm for the inversion of nleasurcti  raciiancc to appmnt  surfiice rcflcctancc.

5.() R};I~l  .l{C1’ANCE  CA] ,CLJ1 ,A”1’1ON

Calculaticm of surface spectral reflectance. from the toud upwe.lling ra(iimce nwasurc[i by AVIRIS using a
raciiativc  transfer code has been pursLle.d since the flights of AVIRIS in 1989 (Clrcc.n, et ai. 1990,  CJrml, et
al. 1991, Green et ai. 1992), ‘1’his algorithm begins with equation (1) that shows the total ra(iiance
mcasurcxi  by AVIRIS (1 .t) as the exoatmosj~hcric  solar irraciiance (}:) multiplied by the. two way

transmission of the atmosphere (“l’(ill) multiplicci  by the surface rcficctance  (p) summcxi with the
atnms])hcu  ic ]mth ra(iiance (1 .}l).

I ,t = (Ii * ‘l’c{L, * p) /m + I ,1) (1)

Using the water vapor, pressure. elevation anti aerc~so]  optical cicpth cs[inlations  derived in the previous
algorithms, the two way transmitte(i  ra(iiancc  anti atlnosj)hcric  path mciiancc  spectrum al c calculatcxi for
~:i~h  spatial element with MOIY1’RAN2.  Computm  look up tables ii]~ used tc) accclcratc  these calcul:itions.
With these dctcnnined  parameters the surface rcficctancc is calculate.(i as shown in equation (2).

p= (1 .t - L*))/ (F/rK * “I”(]L,) (2)

}:igurc  ~ shows the AVIRIS measured Iadiancc  for ti]c Stal~forci University poio fiei(i  in the Jasper Ridge
scene. in I;igurc  10 the calculate(i  a])parcnt reflectance is showl) in conjunction with a ficlci refiectanm
spcc[ruln  acc]uircct  at a later date from the same target. ‘1’hc mean agreement  is 6 pcrccnt  exclu(iing  the
re~ions  of strong atmospheric absorption. in l;igures 11 anti 12 the nmsure(i raciiancc  and calcuiate(i
re.ilcctancc spectra are si)ow for ~rcen  vegetation in the Jasper Ricigc (iata over a 3 by 3 AVIRIS spatial
Clement alc:t. Inspection of these CalCLl]iilCd  rcf]cctance spectra shows compensation for the solar
ilTilCiiancc,  atmospheric ii bSO1-ptiOn  ill)(i  iitll)OS]>tlC.I”iCiilly  scatte.reci  litCii:i[l  Ce. I~utLm work will emphasize
cStinliltion of the contributions to the remaining disiigrc~n~cnt  between the calculated ilnd fic](i tllC[tSLl[”~d
sl~c~tlii.  l~iscrepa[~cies  t~~iiy  k i)ttribl)t~d to the AVIRIS  SCIISOI  Cillibl[ltion,  th~ r[tciii~tivc ttilnsfcl  CdC iin(l

the ficki tl)e.iistlrc.lllct)ts.

6.() CONCI.LJSIC)N

Algorithms ilre described thiit allow estit~~[itio[~ of the absorption [~l)d sc.attexil~g  cbariicteristics of thC.
a[mospt)cre  from the AVIR1,S tn~iistlrcd rildi:in~~.. With  eStill][~tiOn  Of thCSC  [itlllOSphC1”iC  par[~lHCIC1”S,
ii{][)iil~.nt  SUIfiiCC  rcflcctilnce  t~~iiy  bc ~ii{~Ll{at~d  fronl the AVIRI. S INGISUI:.  W{  ra(iianoe. “I”hcse. algorithms :\rc
b:lSC(i  01) thC  MO]>rl’~AN2  rildiativc tl”illlSfCr  CO(iC.  fO1’  tMXiC]iIlg  tllc  ilbSOI’[)tioll  :lIl(i  SCiittCI”jllg  pL_OpCIliCS  [)t’

tJ)C a[lnosphcrc iis we.il its the. illlimination  gcon)~t]  y ilt the time the AVIRI~ d(itit  were. iu]uire.(i.  ‘1’his
il]){)l’()~iCh  tO ~ii{~lllii(io!]  of a])]) ilrc. []t rcf’lcctancc re. (]uircs 1)(> il)({cl)endcnt  in situ 111 Cii SLlrell)C1lt  S. A
prclilllil]ary  Vil]i({[i[i[)Il  i; gjvcI)  for t{)e :llgorithlns tlll”Ollgt)  til(! ~:l]clll[ltion  of [lI)\)[lrc[lt L’cflect[i[lcc  of tile pOiO
fi~i(i  ilIl(i  ColllpilliSOIl  W i t h  ii ficid  l)) CilSllKXi  SpCCtI”lllll. AS thCsc  aigori[hms arc further villidiit~d,  they off~l



aI) approach to provide app;ircnt  surface rcflectanw data directly to IIarlh  Science invmtigalors.  I;rom
analysis of re.motdy measure.d reflectance s]wctra,  many constituents of the surfidcx may be iclerltiflml  and
thclc cxprcsscct  concentration ctctcrmined  based on molecLllar  absotpticln  and m:iterial  scattering,
ctl:ll:lctc.lis[ ius.
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